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Abstract 

Lagrangian of a massive particle with spin | is considered in the Rarita-Schwinger 
formahsm. We discuss imphcations of the contact- and the gauge-transformation on the 
physical content of free and interacting theories. It is shown that the "contact-invariance" 
is trivial and has no physical relevance. The requirement of the gauge-invariance of 
the free lagrangian fixes the off-shell lower-spin content of the spin-| field. The gauge- 
invariance of the interaction lagrangian insures that these lower-spin components are not 
coupled, and (probably always) leads to theories consistent with local causality. 



^Present address. 
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Formulating a free massive spin-| theory in the vector-spinor representation of Rarita 
and Schwinger one usually finds the following form for the lagrangian (see e.g. ref.|||]), 

Aa/3 = (i^ - M) g„^ + a (7„a^ + 7^a„) (1) 
+1(3^2 ^2A + l)7a^7/3 + (3^^ + 3^ + 1)M7„7^, 

where ipa is a sixteen component Lorentz vector-spinor field (spinor index is supressed), M 
is the mass, and ^ is a parameter {A ^ — i, in order for the propagator to exist). 

Equation (jl]) defines essentially a family of lagrangians corresponding to different values 
of A, nevertheless, all of them lead to the same equation of motion 

(i^-M)V', = 0, (2) 

provided the following constrains are imposed, 

da Ipa = 0, 

lai^a = 0. (3) 

The latter constrains can be imposed only on the mass shell, and their role is to eliminate 
the virtual spin-i components of ipa (thus, on the mass shell, the number of independent 
components of ipa is reduced to eight, as is appropriate for a massive, free spin-| field). 

Lagrangian (|l]) is invariant under the so-called contact (or point) transformation: 

Ipa 1pa = {Sal3 + 5^7^7/3)^/3 = V'/3 

A ^ A' = ^^, (4) 
1 + 26 ^ ^ 

where b is restricted only by the condition that has an inverse, that is b ^ — ^. The 
invariance under this transformation implies that the physical properties of the free field are 
invariant with respect to rotations in the spin i space, and (equivalently) are independent of 
the choice of the parameter A. 

To construct a contact-invariant interaction one needs to assume that field ■0a enters the 
lagrangian only in combination with some tensor 0ap IH. For example, Cj = i^(x) O^a i'aix), 
where j^(a;) is a source. Original Peccei's choice P): 7q, 0af3 = 0, is not the most general one, 
and moreover for this case does not have an inverse which may lead to bad consequences. 
The most general form of which preserves the invariance is found by Nath et. al. 

0aP = gaP + [z + ^{l + 4:Z)A]-fa7f3, (5) 
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where z is an arbitrary parameter, the so-called off-shell parameter. Note that this result can 
also be presented as, ©^/j = (ga^ + 2:7^7^) (g^^g + iA7^7^). 

Since the contact invariance of the full lagrangian is obeyed the physical observables are 
independent of A. This statement is the subject of the Kamefuchi-O'Raifeartaigh-Salam 
theorem Q. 

We would like to state here that the whole discussion of the contact invariance is physically 
irrelevant and can generally be avoided. To see this we rewrite the free lagrangian (|1]) in the 
following way, 

where 

A^, = (i^ - M) g^, - i7^7A (i^ - M) 7A7., (7) 

and all the A-dependence is contained thus in = gap + ^A'ja'Jis- Now we can just redefine 
the field: 

!^a = Oa/3#. (8) 

Field ]l/a is explicitly contact invariant, and so will be a lagrangian involving it. Moreover, 
from eq.@ we can see that, 

Ofp = 0^^iO'^p)-\ (9) 
therefore the transformation on field ]Pa amounts to an insertion of unity operator {0^)~^ O^: 

= Otx K = Ot, {O'^p)'' Va (10) 

which clearly demonstrates the triviality of the contact transformation. 

Let us consider now a more (physically) interesting symmetry — gauge symmetry. A re- 
quirement of the invariance of the kinetic term on the Rarita-Schwinger gauge transformation 

i: 

^ V-M + d^e, (11) 
(where e is a spinor field) fixes the form of the free lagrangian toQ 

Aree = V^/. W^,u, {i^ " M)} V^, (12) 

where a^i, = ^[Jimj^u], curly brackets denote anticommutator.^ 
^ This form corresponds to A = —1 in eq.(jl]) or eq.(^). 

^ The invariance of the kinetic term is readily checked by the identity: {cr^^, 7^} = {ct^q,, 7^} = e^uax 7a75- 
The mass term Mtp^ a^^ tp^ obviously destroys the invariance. 
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The amount of the spin-i off-shell components of field tpa is now fixed, but they still 
are allowed to couple in essentially arbitrary way, with strength proportional to the off- 
shell parameter z. This freedom is there and may certainly be explored phenomenologically. 
However one should bear in mind that such an arbitrary interaction can be inconsistent with 
the principle of local causality. 

We would like point out that, if the interaction lagrangian is gauge- invariant, the trou- 
blesome spin-i components do not couple. Probably because of this reason, gauge-invariant 
interactions in many (if not all) cases lead to consistent theories. For example, requiring 
gauge-invariance of the 7rNZ\ lagrangian, 

jOnNA = gwNA V'N (^a^Tr) Oal3i'A,f3 + H.C., (13) 

we find z = ^, the value which Nath et. al. Q found from the requirement of consistency with 
causality. Also, the successful treatment of spin-| fields in supergravity is due to a simple 
fact that both spin-| and spin-2 gauge-symmetry is realized there as invariance under the 
supersymmetry transformation of graviton and gravitino. 

Generally speaking, it can be that the only consistent field theories of higher spins are 
the gauge-invariant theories (where only mass terms are allowed to break gauge invariance). 
A rigorous proof of a theorem like this is certainly indispensable. 
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